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ABSTRACT 

The purpose of the present investigation was to deter- 
mine the effects marfthuana had on physical performance as 
determined by the eight variables; heart rate, blood pres- 
Sure, muscular strength, physical work capacity, forced vital 
capacity, flow rate of expiration, sensitivity threshold, 
ie complex coordination. The results were analyzed by the 
analysis of variance and Newman-Keuls comparison between 
ordered means. 

Twenty votunteer human marihuana smokers took part 
in three experimental testing sessions. Each subject re- 
ported to a laboratory on three different days to be tested. 
Day one was used as their control testing sessions. Day two 
and three were the placebo and marihuana sessions. On day 
two the subjects smoked either placebo or marihuana and com- 
pleted the test battery. On day three the subject smoked 
marfihuana if he had piacebo on day two, and vice versa. 

The results indicated that there was a significant 
difference between the marihuana treatment group and the 
cther treatment groups in heart rate, systolic and diastolic 

tood pressure and in their physical work capacity. On the 
other hand no significant difference was exhibited as a re- 
sult of smoking marihuana in muscular strength, forced vital] 
capacity or expired fiow rate from the lungs. Also, mari- 
huana had no significant effect a the subject's sensitivity 
thresnold of index finger in the dominant hand or the non- 


dominant hand. Finally, marthuana had no significant effect 
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on complex coordination over a period of four timed trials. 
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SPAT EMENTE OFoshH EP ROSUIEM 
INTRODUCTION 

There is increasing evidence available that the smo- 
king of marihuana is becoming more and more popular among 
university students throughout the North American continent. 
Thes winikter,? «through personales con't act? whith: "hi so studen t's*'has 
discovered that there is a widespread belief among students 
that the smoking of marihuana improves an athlete's per- 
formance on the playfield. The proposed research project 
was designed to study this problem. 

Not much is known about the physiological effects of 
smoking marihuana on humans. The President's Commission of 
Law Enforcement and the Administration of Justice described 
the presentistate\ofmknowledGese bys conctludinga that’ Cuan .% no 
careful and detailed analysis of the American experience, 
(withe Mardhuaha) seemsa toehavenbeenmattenptred.: |EBasic Te= 
search has been almost non-existent '' (89). Two recent 
Studiesnconductedaby Wetd > betwada (9s) and Vsbelle etval (50) 
throw some light on the effects of marihuana on man. Isbell 
Stina eevee eooneed theatemaninuana bed no Spot becan feel rect 
on pueld Size, fate’ of fespliration, systolic jiand ditastol ic 
blood pressure, or on the threshold level of elicitation of 
knee jerk. He also Found that resting pulse rate was ele- 
vated and that the effects depend upon the dosage adminis- 
tered. Weil, et al’ (98) showed that marihtana naive indi- 


viduals demonstrated impaired performance on simple intel- 
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lectual and psychomotor skills, after smoking marihuana. 

He found the impairement dose related. He also stated that 
it increased heart rate moderately, although no change oc- 
curred in rate of respiration, pupil size or blood sugar 
levels. 

The review of the current state of research concern- 
ing the effects of marihuana has led to the obvious conclu- 
sion that very little is known about the effects of this 
drug on human performance. The controversy over the effects 
of marihuana has increased the necessity of obtaining some 
objective data regarding the effects which marihuana has 
on the student population. According to Isbell, et al, 
"the chief advantage of assays in humans is of course that 
the subjective effects of such drugs can be assessed only 
in man. Since the mental effects of substances found in 
hashish and marihuana are of paramount interest, assays of 
these materials in man is, sense, more specific than the 
dog... (50). "Weil? €¢ BIZ°a's' a restiltsofe thei ri research 
have reported that, “it is possible and safe to study the 
effects of marihuana on human volunteers who smoke it in a 


laboratory “© (98). 


Tite PROBLEM 
The principle aim and purpose of the study was to de- 
termine the effects marihuana has on human performance as 
determined and measured by heart rate, blood pressure, mus- 


cular strength, physical work capacity, forced vital capa- 
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city, flow rate of expiration, sensitivity threshold, Mvo, and 
complex muscular coordination. Subjects underwent each 
of these tests by the double-blind method on three different 
days under the following conditions: 

tk. Ewithove smoking placebo or marihuana 

2. after smoking marihuana 

3. ratter smoking placebo 
The results were analyzed to determine the effects of 
smoking marihuana on each of the tests administered. An 
analysis of variance was run on each variable with 
Newman-Keuls Comparison between ordered means applied to 
the Sea er aerate Osa. 

The following hypotheses were tested at the 

0.05 level: 
eo stgnitieant change, ini heart rate takes place as a 
result of smoking marihuana. 
fee NOL Significant dit ference «ini b lood pressure, (systolic 
and diastolic), occurs as a result of smoking marihuana. 
5. Ho Significant changesocctrs for muscular grip. strength 
in the dominant cor nondominant hand as a result of smoking 
marihuana. 
Hs No significant change occurs’ in physical work capacity or MYO, 
as a result of smoking marihuana. 
52). Nored init canee changetoccursid nictherfonceds Vit 1* ca pia 
city after smoking marihuana. 
6.5 (Worsignificant.changes occureineexpi red) flow! rate®as' a 


result of smoking marihuana, 
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7. No significant difference occurs in the sensitivity 
threshold of the dominant or nondominant index finger after 
smoking marihuana.— 

8. No significant change occurs in complex muscular coor- 


dination over time after smoking marihuana. 


LIMITATIONS 
1. In view of the primary state of knowledge about mari- 
hitvanoa, tt ts difficult to predict which psychological -tests 
in be sensitive to the effects of the drug. The tests 
chosen were selected because, in addition to being likely 
to demonstrate effects, they have been used to evaluate many 
other psychoactive drugs. 
Zeoese tt andesereing (Wittepema tit tcault to control. <Set re- 
fers to the subject's psychological expectations and per- 
sonality structure. The total environment in which the 
drug is taken is the setting. 
3. Medical, social, ethical and legal concerns about the 
welfare of the subjects are a major problem in a project of 
this kind. When can subjects safely be sent home from the 


laboratory?° What kind of follow-up: care, if any, should be 


taken (98) 
DECUMITTATIONS 
la. The study “was limited to twenty volunteer marihuana 
smokers. 
2. The marthuana was smoked rather than taken orally 


because this is the way nearly all people use marihuana. 
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Standardization of dose is not assured by giving the drug 
orally because little is known about gastrointestinal ab- 
sorption of the highly water insoluble cannabinols in man. 
Also, there is less detoxification by smoking because of 
not passing directly through the liver via the portal veins 
and possible conversion of tetrahydrocannabinal to a man 

active substance by the heart. Also, there is considerable 
indirect evidence from users that the quality of intoxica- 
tion is different when marihuana or preparations of it are 
ingested rather than smoked. Dosage is uniform by smoking. 
Marihuana smokers are accustomed to a rapid onset of action 
due totethiletent absorptiony (98). 

3. The marihuana = was of a high dosage in content of 
the tef€seanhydrocannabital™ (THC) resin. 

4k. The study was limited to a certain number of physio- 
logical and psychological measures. 

5. The variance between subjects issignificant, pointing 
out the importance of using each subject as his own control 


in an assay (50). 


DEP ENI TON OF TTERMS 
Addiction (drug) 
A state of periodic or chronic intoxication produced 
by the repeated consumption of a drug (natural or 
synthetic): lt fsecenerally assumed: to Include: (1) 
an overpowering desire or need (compulsion) to con- 
tinue taking the drug and to obtain it by any means; 


(2) a tendency to increase the dose; -(3) a psychic 
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(psychological) and generally a physical dependence 
on the effects of the drug; (4) detrimental effect 
on the individual and on society. Because of its 
combining of compulsion, tolerance, physical depen- 
dence, psychological dependence, and ate aetna ice 
efrects, it Is not a useful term and should be dis= 
carded, 

"Double Blind" 

| A term used in research to indicate that neither the 

patient -Or subject nor the experimenter knows which 
of several drugs or placebo ts given on any occasion. 
Considered a necessary condition if results are attri- 
buted to the effects of the drug as pharmacologic 
agent. 

Dependence (drug) 
A state of psychic or physical dependence, or both, 
on a drug, arising in a person following adminis- 
tration .or ‘that: drug ion a periodic orscontinuous 
basis. “The characteristics of sich =a “state will vary 
with the agents involved, and these characteristics 
should always be made clear by designating the parti- 
cular type of drug dependence in each specific case. 

Doendence (physical) 
Armeeadept ive Sitate: iinet manitests steselr by sintense 
physical disturbances when the administration of the 
drug is suspended or when its action is affected by 


the administration of a specific antagonist. <P re- 
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sence of a reliable See en syndrome is considered 
evidence of physical dependence. 

Dependence (psychic) 
A feeling Of satisfaction and @ psychic drive that 
require periodic or continued administration of the 
drug to produce pleasure or sto avoid discomfort: 
usually does not involve physiological withdrawal 
symptoms. 

Depressant 
Any agent that will depress (decrease) a body func- 
tion or nerve activity. Depressants may be classi- 
Fied according to the organ or system upon which they 
act. 

Habltuation (drug) 
A condition resulting from the repeated consumption 
Opeasdrude. Itseeharacteristics include. sles 
desire (but not a compulsion) to continue taking the 
drug for the sense of improved well-being which it 
engenders. (2) Hutte or no tendency to increase the 
dose; (3) some degree of psychic dependence on the 
effect of the drug, but absence of physical dependence 
and hence of an abstinence syndrome; (4) detrimental 
effects, if any, primarily on the individual. 

‘Habit forming arugs, 
Legal: a drug which may produce any of the following: 
(1) a psychological or physical dependence on the drug 
(compulsive use} (2) euphoria (exaggerated sense of 


well-being); (3) personality changes; (4) transient 
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psycnoses), ide Hitrila Sp stwiilight’ state, or halluci noses; 
(5) chronic brain syndrome; (6) increased tolerance 
ora a ‘need ior tdestre to increase the drugdosage. 
(Regulations under Federal Food, Drug & Cosmetic Act, 
January, 1966). 

Hallucinogenic 
Medical: producing hallucinations-false perceptions 
having no relation to reality and not accounted for 
by any external stimulbis. may) be visual, olfactory, 
auldiict Oye te’ tic’. 

Hypnotic 
A drug which induces sleep, usually refers to drugs 
which induce normal sleep but may include all narco- 
tics (medical). 

Narcotic 
Medical: A class of drugs which induce sleep and 
stupor and relieve pain, includes opiates, anesthe- 
tics, and others. Some pharmacologists include bar- 
biturates although they do not relieve pain. 
Legal: opium, its alkaloids and derivatives; the 
eoca leaf and its jorincipal derivative, cocaine; 
the plant Cannabis sativa L., otherwise crroun as 
Viariivane > wand. al specific class sof wsynthetics 
called 'opiates'' such as meperidine (Demerol) and 
methadone. 

Placebo 


"medication'' composed of pharmacologically inactive 
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ingredients, (saline solution, lactose, etc.) used 
as a control in drug research. Used fin the same form 
ASuat ie udu or wh lich, alteslssunenmadeuseduias. a control, 
(capsule tablet. solut tonne cae 
Stimulant 
ANY agent’ temporarily jinereasing functional activity. 
Stimulants may be classified according to the organ 
Ofusystem ong which they Jact.. 
Tok 
Also referred to as a "hit'', tok refers to the amount 
of marihuana needed to completely burn after one maxi- 
mum inhalation of the burning marihuana smoke. 
Tolerance 
An adaptive state characterized by diminished response 
to the same quantity of drug or by the fact that a 
larger dose is required to produce the same degree 


of pharmaco-dynamic effect. 
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CHAP LER ay 
REVPEW OR *T HE (LeSPERATU RE 
HISTORICAL DEVELOPMENTS OF "CANNABY SMSATIVA 

Ancient China was the site of the first recorded use 
of the hemp plant, known today as cannabis sativa. The em- 
peror, ohen Ning, described Pts “sie “sia medication in a 
Chinese drug compendium written around 2737 B.C... At almost 
the same time, perhaps around 2,000 8.C., Hindu and Aryan 
Writings, ‘rom India, indicate “Use “of *thetempepl ant in 
religious ceremonies of that civilization, as a means of 
communicating with the gods. There is nothing to indicate 
that the intoxicant or euphorant effect of the plant was 
known. The medicinal effects were known however, and this 
use of the plant spread to the Middie East where the hemp 
plant was also used in making strong cloth. 

In the Middle East, the plant is predominantly used 
in religious ceremonies. Herodotus, the Greek historian 
writing around 430 B4C., “told of "the at ter-Ttunerat clean- 
sing rites of the Scythians. These people, in the cere- 
money threw hemp seeds on hot coals, basked in the resulting 
"cannabis-scented vapor'' (83) and then “howled for joy." 
There is no historical indication as to whether the Scy- 
thians were aware of the intoxicant effect of the plant 
but it is known that knowledge of this effect was beginning 
to develop and spreading quickly throughout the Orient. By 
the time use of the plant reached East and Southern Medi- 


terranean and North Africa, the potency of the plant was 
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known. 

Once the yintoxicant effect was known, the countries 
began, sto idevelop different )fiormsiafor the use vofothesp kant. 
Originally, the people of India brewed the flowers of their 
local Indian hemp and consumed the drink called ''Soma.!! 
However. -by 800 .B.C..),,-they chad developed “'Chara’s'! which «is 
the most potent form of the euphorant. During the time of 
the “crusadesse the sun for tuna te sac (hve Cie’s: cof, at he: cflainiatriic 
Hassan caused one of the first negative reactions to the 
nox Woant a5 ¢l hiss Doon religious leader apparently fed 
a form of cannabis sativa to his army and somehow worked 
them up into ''murderous fury '' (93), Thus they would des- 
cend on an unsuspecting victim, of the leader's choosing, 
and would assasinate him. The words "hashish" and '"assasin" 
have developed as a result of these escapades. 

Wh:i Le. ad beth isi was soccuriing tim the Omdent, Europe 
was still fairly naive of the euphorant effect of the plant. 
‘tt grew wild. in most parts, of furope certainly, and was 
also, widely. vail ued -f.ior i ts, sit.nong fibres: for making, fine 
GODes Bn detc hotly buts itp nwlaisnend-te mts! | the feiighitecn thuncdnreds, 
when Napoleon's men came in contact with Bovpitasany chin ithe 
Zeatuon thatthe poten cys became kk nowniey warsity pr hors ito! sthyl's 
ine ayZ.5 3008 innaeu sis ther Swed tsihi botantsitiiclas sii ie dpathie 
plant and wamed..it ?'Cannabilis isativa.s) » Once®ithes euphoriant 
reached: France, dts use ine certain areas became prevalent. 
First. the, \'C.Jdub- des.Has.ch bch ims’ developed. ¢A cJubicom- 


prised mostly of French intellectuals who considered con- 
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Supeng tire veupnorant tne "thing bade. Also, at this time. 
Jour nNoreau de fours belay what may Wave been the First 
scientific research with the plant, when he experimented 
with it "rn “the “treatment Of “mental i Tiness. "By “the time 
of the colonization of North America, the English were 
Well “aware ot tne plants strong fibres and in fact later 
established hemp crops near Jamestown, in the New World. 

However, it was not from her European ancestors that 
North America gained knowledge of the intoxicant, but ra- 
ther from her southern neighbour. The Latin Americans may 
have learned of the plants potency from the Spanish but 
it seems more likely that, since a variety of the plant 
already grew in their area, that they developed the use 
themselves. Prior to the conquest in 1509, the Aztecs 
were using it in religious ceremonies and in fact South 
Americans were the first civilization to smoke the in- 
toxicant. 

The United States and Canada became aware of the 
preparation of cannabis sativa, known as marihuana, 
mainly through Mexican immigrants. At first it became 
the intoxicant of the poor and was used regularly in the 
siums of New Orleans especially by Negro jazz musicians 
CSaje = tie odant tself was stil considered” as a medita- 
tion and was last listed in United States Pharmacopoeia 
oF HOR7e? (38)e * But ‘rhe MNarrhuana Tax Act of 1933° in” the 
United States? caused’ use’ of the Intoxicant to go under 


ground. Even a fairly* objective ‘study on’ the use. and 
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erreces do kthejiintoxicant, instigated by Mayor Le Guardia 
of New York, (64) was shunned by the governing public and 
Sevene beg tsirat ton tegarding the ‘drug! was made. 

Ghe trend aim the use of marihuania today began in 
tite Iniiveteen-Titties when American artisitt intellectuals 
such as Aldous Huxley began experimenting with mind- 
expanding drugs. This experience was readily accepted by 
the North American youth and use of marihuana became wide- 
Spread throughout North America. Naturally as this. occurred, 
the need for objective studies was realized and thus re- 
search in marihuana has increased. However, before we 
review thistrecent research, tet us discuss what factor 
causes the potency of the plant which in turn causes such 
CONLCEOVEESY. 

As indicated previously, cannabis sativa grows in 
almost any climate except extreme cold. The names of the 
varieties of the plant, for example, cannabis indica or 
cannabis americana, show where the variety grows and this 
has direct bearing on how. potent the plant is. 

The chemical makeup of the plant is extremely com- 
plex and the efforts to break down tieestructiume ineorder 
tovd indawhat catises the potency of the. plant»are. very 
young.ee Research has found that the plant contains. a com- 
plex group of substances known as cannabinols, (also known 
as cannabinoids). These are made of such derivatives.as 
cannabinol proper, cannabidiol, cannabtchromene, canna- 


hiige nols,) scannabicyclol, tetrahydrocannabino!s.. the acids 
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of ree derivatives and many others. Pnatds 40st it wes 
shown that the tetrahydrocannabinols, (known as THC), made 
uplithesprdmarynactivesingredient lint thesplant »-4{2Jnedsbedi 
et al (50) in September, 1968, were successful in isolating 
an isomer of THC, (-) D9 - Trans~tetrahydrocannabinol, 
referred tO as D9-THC. This isomer, when administered 
separately to a Runen subject, produced the euphorant effect 
onr theadndividualiow This factor makest upa thes largest extent 
of the active ingredient, however, other compcnents, to a 
lessersexitent,.also may contra buter‘tte thedeffect.4 (88); 

Theawplanthis sUdoeciomsHeand! i trl she ound! that ithe 
female plant produces a sticky yellow resin at the flower 
ciusterstiande tops of most leaves...» Thiss resinrdse known to 
contain the greatest amount of the active ingredient. How- 
ever, the ingredient can be found to a lesser extent in 
other parts of the plant and also in the male plant. The 
active ingredient also varies among all varieties and is 
aides ted bya i's .aclimateia:thel nature of- soi)§d thes anhount! of 
sunlight and water, the care and cultivation it receives, 
the stage at which it is harvested, the length of time and 
Pieuwayer ters stored... (83): tomenamevonlyua ten.) lus, we 
have plants of different potency and naturally there has 
developed different terms for the preparations of the plant 
within their regions. 

india has three grades of preparations of cannabis 
sative.  “Charas’; the most potent formele made up "of the 
pure resin of the female plant. Today it is usually smoked 


with tobacco but can also be eaten. Although this prepara- 
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tion (ee (ateGeu inv indtat. the other? two are not. ~ "Ganja, 
made from the chopped-up flowering tops and the leaves of 
cudtivated iplants® iso atiso' smoked but) has’ le's's* potency® than 
charas. Dried leaves of mature wild plants brewed in a 
liquid? constitutes’ ’Bhang'';, the Veast® potent of ‘Indtas 
preparations. 

ThethiddvetEast he like Indias ®has®*an ideal” climate 
fortproducingns hightactiveningredient Mmethe®olantt?*''Has- 
hish'', the Middle East's preparation would equal that of 
India's charas. it is made up of the powdered and sifted 
resin ofathesfenate plant® “Noreh Africa si tamitiar’wrth 
hashish, except for Morocco where ''Kif'' made of the resin 
mixed with leaves and flowers is used and represents a 
leésserhintoxicant. then, of ‘course, “we >have ="Marihuana”™ 
which is made from the upper leaves and flowering tops of 
Mexican grown cannabis sativa or a weaker American variety. 
The Mexican grown plant is less potent than the plant of 
India and this preparation of marihuana would equal India's 


bhang in potency. 


CURRENT RESEARCH ON CANNABIS SATIVA 
Until the spectacular resurgence of use of marihuana 
by western society during the past decade, scientific interest 
had been largely dormant. But during the past few years, 
the interest has rekindled, in part because of i'ts social 
importance, in part because of the possibility of doing more 


studies and because research funds have been made available. 
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INesrate=ormincrease in scientific tnquiry has risen in an 
experimental manner after such a slow start while legal 
proceduresswerne being -ameliorated. Still, much of  the-newer 
work with marihuana involves the rediscovery of phenomena 
known for many years. Thus, by the late 1950's many of the 
phenomena of marihuana intoxication has been described. It 
was not until another ten years passed and a marked change 
Powcne patterns of suse of the drug badioccurred: tn the 
North American society that interest in clinical studies 
was again revived. 

his “section of. the investigation wild “draw together 
some of the more recent information - marinhuana. Doorenbos 
Strales2)eand Dr. Hanry GsePars (é0) falong with Nechoutam 
(69)sand Jasinski (51) «discuss the various cultigens. grown 
from seeds obtained from all over the world. These culti- 
gens were analyzed for D4? - Tetrahydrocannabinol and other 
cannabinoids and how they differ morphologically and chemi- 
cally. Doorenbos et al (32) pointed out that the canna- 
binoid content varied in decreasing order from bracts to 
flowers to leaves, to small stems and is very low in seeds 
and roots and that pn? THC was, the Mos tepotenite tetranydro = 
cannabinol. This is also supported by Pars (80), Doorenbos 
also pointed out that there was no significant difference 
between male and female plants. 

One major concern in investigated cannabinoids, is 
the method of administering the drug. Most authors, (98, 


80, 68, 62, 44), point out that administering the drug 
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orally, subcutaneously, interperitoneally, or by smoking 
Verles an tie potency of) the drug products. and. the time 
TOR Uh to bake effect. The active compounds of canna- 
binoids are insoluble in water (80), Cheger ors. take a 
longer time to be absorbed and are not always metabolized 
because by passing through the liver they get detoxified 
anawthereby becoming inactive. (62.°60..998) (lt is also 
suggested that D9*FHC is more active when administered 
interperitoneally rather than subcutaneously (68) because 
of the formation of more active metabolites by the liver. 

ihestinvact iver cannabinoid acids, e(lHCe-. acid Aland 
THC - acid B), are converted to active D9-THC through de- 
carboxylation (68) by smoking rather than by injection. 
Aienoudn Meciouleam (60) also points out that the burning 
process destroys some of the active )9-THC and therefore 
the actual dose being absorbed may be lower. But Manno 
(S62) 800Ints out that Since littte Ws known about the ab- 
Souption sor |G tromethe Lunds or cgastrotuntestimal tract. 
it is not possible to determine accurately the amount of 
accumulated dose of THC that reaches the blood. Much more 
work is needed in this area. 

Heil et aletSo)aleo stated thatathevertects sor tne 
active cannabinoids do not last more than two or three 
Hours, sand the effects sStertwywithin seconds. to minutes after smoking. 
Whereas oral doses delay the onset of intoxication from 
thirty minutes to two hours which supports Pars’s theory 


(40) teat ithe active 0? -THC is water insoluble and therefore 
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will delay the onset of intoxication. 

Before moving on to some of the physiological effects 
found by various researchers, a few words should besaid re- 
garding the break down and metabolism of the cannabinoids. 

A few preliminary remarks first. The inactive cannabinoid 
acids are made active when converted to D2-THC by smoking - 
through the process tof déecarboxy laittom'a(6o).) Aliso Petite 
active DP SnHC <i f left in the open air is oxidized to canna- 
binol proper or inactive cannabinoid. The burning process 
will also destroy some of the n 7 -THC to an inactive canna- 
binoid isomer. 

Because cannabinoids are insoluble in water, one 
nus tetinid Ha) psiolution tat whitch “ites soluble sfor oral admimis- 
tration procedures. Machoulam (68) and Hollister (44) 
found that the cannabinoids are soluble in petroleum ether 
for laboratory analysis purposes. 

Many studies deal with the metabolism of cannabinoids 
and specifically thie Mettinalpsd rocaninad imto istsG30 A O58 eye! ; 
1p 22 se helrsharcs,, H76)8 (he list podiiera Wl yoReilin and agreed 
that the main active cannabinoid is oF -THE and Meiiatt lise eis 
metabclized completely in the body by hydroxylation to yield 
various metabolites. The two main metabolites formed are 
7 - hydroxy and 11 - hydroxy analog (metabolite) (61, 95). 
Wall (95) and Lemberger (61) also discuss that it is the 
mestatmouite switch lis sthe active: form of (ashHeA Wielir theory 
is supported by others (44,68). 
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Ciesposition followed in ‘the plasmas, urine and feces.’.(61). 
Lemberger (61) also found out that the It - hydroxy -THC 
metabolite appeared within ten minutes in the blood plasma. 
Negligible quantities appeared in the urine or feces. Also, 
Lemberger (61) professes that the drug Petia s completely 
metabolized in man. 

One more point noted by Burstein (16) was that the 
7 — hydroxy = THC metabolite from DI-THC was found in liver 
preparations. Tnese metabolites were converted because of 
an enzyme system known as mono-oxygenase. 

A few physiological findings have been recorded by 
Suseworesearenes. Le Guardia'’s (64) subjects (reported in- 
creased appetite. But more recent advances by Weil et al 
(S3)eAmes? (3) “and Podolsky (81) Feveal that there ss ono 
change in blood glucose levels. Podolsky (81) concluded 
that there was no hypoglycemia although there was a slight 
reduction in their Glucose Tolerance jiest, (G.1.7.). - He 
also found no impairment of insulin release in the body. 

On the otherhand, Manno (62) spotted a change (increase) 
in blood glucose levels of his Spd aoe but these levels 
were not significant. We can conclude that from the data 
available, more work is also needed in studying eating 
habits and blood glucose levels. 

The only study to report anything on muscular 
strength was Hollister (44, 47). He measured muscle 
strength with the finger (middle) ergograph and demon- 


strated muscle weakness objectively. 
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bUbsSearate andibloodppréssureskare theatwotareas 
where most of the work has been done. Some investigators 
administered theiradsrugrforally.(975 3047). scsometadminis~ 
Begedathewdrugabyxsmoking, (98, 45, 62,64, 53, 31, 93, 35) 
while others administered. the-drug-orally-and.by smoking 
(597554) 

Isbell et.al. (50) and Hollister (47) reported par, 
blood pressure was constant when the drug was administered 
orally. Isbell et al. (50) also reported that blood pressure 
was constant after the drug was smoked. These findings were 
dosearelated.,ile Guardia (64,),.and -Domine\ (3h) anéparnted fa 
rise in blood pressure but it was not a significant rise 
when the drug was smoked. Ames (3) also reported a rise in 
blood pressure but again was not significant when the drug 
Masmadmintstered orally. Waskow (97) reported a drop in 
blood pressure after orally administering the drug. This 
again was mot significant. Weil (98) felt that enough re= 
search was evident on blood pressure and her eione did not 
record biood pressure measures. 

Heart rate is the most commonly reported physiologi- 
cal measure when @aling with the cannabinoid drugs (3, 31,. 
BS iS ts fea SU, 55, 1545 Geto, 93) 975. 9S) 2. LRorneya(35)e 
Volavka et al (93), Domino (31), and Isbell et al (50) re- 
ported that when their subjects smoked marihuana, they 
showed an increase in pulse rate which was significant and 
dose related. Weil et al (98) also showed a significant 


increase in pulse rate after smoking 1 -THC; but it was 
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Hot dose felated. “Hollister (45) Manno et al (62), Le 
Guardia (64), and Jones (53, 54) showed significant in- 
creases in pulse rate after smoking marihuana; but only 
one dose was administered. 

Pulse rates were also measured when the drug was 
administered orally. Isbell et al (50) found 9 signi tt - 
cant dose related increase in pulse rate. After orally 
administering p9-THc, Ho lbs ter etait 027). Washowset) a) 
Cat awermes. (3)) sand «Jones eti-al (54)> demonstrated signiti— 
cant increases in pulse rate after the drug had been ad- 
ministered orally; but no comparisons with these investi- 


gators were made with various doses. 


ee 


oi (Cte aa 
eat sepo Deanphe: ‘nooo il 
vile vei: panawiy van, ati 


ow = 


; ae | 
; ar i 
ehw SHV whe. Hore trey sao!) ae a i ia er) 


er care ; - b any a te A = 

Pints & Sew (cb) fe Sees ae « ot fad held 
: : ; wee nee L ' DA ver Pu 3 
cifcwn sedté sree eet 

te ponomenie SG) in oe sone ttn ah 

li hie). penta vevepligt pan} t* ae ere ‘io on 7 % is 

he Tho Mnf pert atts sot ¥e An at setgeroah a 

hee ae oe eterna ae ctiteye Ng yeaa 


buginee velw abo® Avew 


CHAPTER RELI 
METHODS AND PROCEDURES 
SUBJECTS AND MATERIAL 
A sample of twenty volunteer human marihuana smokers 

selected at random'wasobtainedato.servecas ‘stibjects.! The 
subjects were all male ranging in age from twenty-one to - 
twenty-seven years. (See Table I11, Pagets6) 2. (El gintion the 
subjects were university students with a few now out working 
in various occupations in the community. (Appendix A). hey 
were, however, all considered average athietes according to 
their past participation and past level of performance. A 
thorough medical examination was completed on all subjects 
BRUORdELOnthertesting sessions esA Hhistorvhofiutiecsubpects! 
alcohol, cigarette and marihuana habits was recorded along 
with the medical report. The subjects agreed to a number 
of experimental conditions when they signed their release 
and completed medical form. OUG of gthd ftwent yesub jest 5); 


£ 


elghteen. completed all testing sessions. The reason for 
the two subjects dropping out is explained in the discussion 
pant okechapte reheun. 

The marihuana and placebo plant material used in the 
testing sessions was supplied by the Division of Narcotics, 
Food and Drug Directorate, Department of National Health and 
Welfare, Ottawa: The 35 grams tof cannabis ‘sativa -received 
was of the Mexican variety which contained 1.3% n? <teltetira- 

9 


hydrocannabinol, (hereafter known as D°-THC). Each subject 


was required to smoke 1.4 grams of the marihuana plant 
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material or 18.2 milligrams of m9 -THC. Die. 35 1g rans-or 
placebo material was also from the same mature cannabis 
Sativa plant, except various chemical means were used to 
remove the ee ye. Other chemical tests revealed negative 
results when the placevo Mater tal was tested “for ‘its p9- 
iG content 0 1Sub jects were “aliso required to smoke 1.4 
grams of placebo. 

The subjects reported to the testing center for 
three testing sessions conducted on three different days 
in which the drugs were administered by the double-blind 
method. The laboratory was avery neutral setting in which 
very little conversation took place between the subjects 
and administrators. On the first day each subject came in 
to the laboratory at a set time, randomly selected, and 
completed the test protocol without smoking placebo or 
marihuana. This will be referred to as the Control Test. 
the Variance between subjects is significant, pointing out 
thetimoortance Of using each subject as his sown control in 
Anwascayr (50)! Each subject, on the next two testing days, 
completed the testing items on either marihuana or the pla- 
cebo. There were three days between each subject's testing 
day and time. Also, each subject appeared at the same time 
of day for each testing sessions. All testing sessions 
were carefully supervised and the drugs administered by a 
qualified physician. Duration of the tests administered 
was one hour and fifteen minutes. The following table 


shows the time schedule and the order in which the:para- 
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administered, 


TABLE I 


Soe UE OF LEST UNGe SESSIONS 


(HOURS ig, = PROCEDURE 


Smoking Placebo or Marihuana and Resting Period 

Resting Heart Rate Recorded 

Blood Pressure Taken 

Dominant and Nondominant Grio Strength Measures 
Recorded 

Forced’ Vital Capacity and Flow Rates Taken 

Sensitivity Threshold Measures Taken 

Complex Coordination Tests Administered 

PWCy570 Administered © 

End of Testing Session 
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THE MARIHUANA AND PLACEBO GLASS PIPE 


FIGURE 
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The placebo and marihuana plant material was smoked 
in a hand made glass pipe. (Figure !). Each glass pipe 
bowl was fitted with a very fine metal mesh filter. This 
filter was replaced by a new one after each subject smoked 
hel isuimve tem, ale vale "tok! 8 Car sarvat® hit"), was smoked*at 
once in the bowl of the pipe. PO RUOOK eZ Om “GOKser eLO 
fiinacheorty therltieqrams= of? material. "Each “tok” of smoke 
was inhaled and retained in the lungs for 7-19 seconds. As a result, 
this type of smoking and the kind of pipe used, there was 
very little escape of smoke into the atmosphere or wastage 


ofemoerdhuana. Fromespit ling of burning away. 


DES CR ir 1 )Ox OF PROCEDURES 

A. Resting Heart Rate 

The subject's resting heart rate was monitored by 
a acorn Plectrocardtograpn,. (ECG)i.. [his ineart. ratewwas 
‘recorded on the testing form after the subject had com- 
pleted smoking the marihuana and the placebo material and 
had relaxed about ten minutes. Resting heart rate was 
also recorded just before the PWC a9 test was administered 
ence the subject was [In position on the bicycle ergometer. 
For the control test, the resting heart rate was recorded 
ren mimutes after the subject bad arrived at the, testing 
center and just before the PUC 1 79 test was administered. 
Be Blood Pressure 

This method is best described by Anthony (4). 


Blood pressure was measured with the aid of an apparatus 
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known as a sphygmomanometer which makes tt possible to 
measure the amount of air pressure equal to the blood 
pressure in an artery. The measurement is made in terms 
of how many millimeters high the air pressure raises a 
column of. mencury in a.gJdiass tube. 

The sphygomomanometer consisted of a rubber cuff 
attached by a rubber tube to a compressible bulb and by 
another tube to a column of mercury which is marked off 
in millimeters. The cuff is wrapped around the arm over 
the brachiali.artery,. and, air ts pumped into the .cuff by 
means of the bulb. In this way, air pressure is exerted 
against the outside of the artery. Air is added until 
the air pressure exceeds the blood pressure within the 
Aanteny, Or ein, Othenpwonds untik it -compresses the artery. 
At this time no pulse can be heard through a stethoscope 
placed over the brachial artery at the bend of the elbow 
along the inner margin of the biceps muscle. By slowly 
be Leas tngstnoeolur in theucufft, the alr pressure is de- 
creased until it approximately equals the blood pressure 
within ehesarterya. Atctmis spotint the vessels opens sl iaht hy 
atadead ShalLesouGgt of ablLood comes «throudn, producing “the 
FirSthesGund,hone.with.a cathen sharp, taplike att hee 
This is followed by increasing louder sounds which sud- 
denly change, becoming more muffled, then disappearing 
altogether. The nurse must train herself to hear these 
different sounds and to read the column of mercury at the 


Same time since the first taplike sound represents the 
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systolic blood pressure, that is, the force with which 
the blood is pushing against the artery walls when the 
Ventre Clestmrelcontrac ting.e « thera owesitrp od mtviait. whi ch 
the sounds can be heard, just before they disappear, is 
approximately equal to the diastolic pressure or the force 
of the blood when the ventricles are relaxed. Systolic 
pressure gives valuable information about the force of 
the left) ventricular iconitracth ontland = diasitold.c wress une 
gives valuable information about the resistance of the 
blood ‘vessels. © Cl imicadlyseidiastol )esrpressasre «ise con- 
sidered more important than systolic pressure because it 
indicates.the pressure or strain to which blood vessel 
walls are constantly subjected and also reflects the con- 
dition of the peripheral vessels since diastolic pressure 
rises or falls with the peripheral resistance. 

The subject's blood ae ore was measured and re- 
corded fonmethe ste sitigrg a onms matter: at he cresting theart rate 
was measured and recorded. 
rs Grip Strength 

A manuometer, or hand dynamometer, of the stoelting 
type, was used to measure grip strength, both dominant and 
nondomiftant hands betna tested, (Fiqure I1)s (25, 99). 
These measures were taken after the blood pressure was re- 


corded in each session. 


1% The tester took the Fight hand corner of the manuo- 


meter between the thumb and forefinger of his right hand 
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and placed it in the palm of the subject's dominant hand 
WiLLe who lai hGet hehand to be, testedeawith nis: “lefp hand iin 
such a manner that the convex edge of the manuometer was 
between the first and second joints of the fingers and 
the rounded edge was against the base of the hand. The 
thumbesrnouldytouch, or overlank the first finger. The 
‘dial of the manuometer was placed face down in the hand. 
2x Ine itaking “the. test, ithe subject selbow was slight= 
ly bent and his hand described a sweeping arc downward 

as he squeezed the manuometer. The hands were not to be 
adlonmed@ tor toucn the body, or any eee ene the test 
was being administered. if they ido, the score was not 
read at all, and a retest was given after a short rest 
pertod)of thirty seconds. 

Bhs ihesdominant Hoandgwesmvestedmr inst land then the 
Per Scores were read to the nearest kilogram. 
he A cake of magnesium carbonate was available for 
dusting themivainds if they became moist or slippery. 


oi Theseincumcator was teturcned to zero amtvenmreach test. 
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Ds Vital Capacity and Flow Rate 

A Godart Expirograph was used in the investiaation to mea- 
sure the subject's total lung vital capacity. The flien 
rate of. forced expired air from the lungs was also recorded 
on a chart moving at 1200 millimeters per minute. 

The subject inhaled to a maximum and held his breath. 
Then he placed the mouthpiece, connected to a hose, in his 
mouth. The tester then placed a nose clip firmly on his 
nose to prevent any expired air from escaping. The 
recorder was then turned on, moving at a rate of 1200 
millimeters per minute. On the command, the subject ex- 
hetedu as fasts andi ast-har déeasripossi> ler 

The expired gas was blown into an inverted cylinder 
placed in water. The expired air forced the cylinder to 
rise BAY this a pen recording was made on the graph paper. 
The graph" paper! was tatvailiyzed for the subject's forced vital 
capaci ty {® flowrate? from 0-25% ~andrf Low inatesdhrome 25-752. 

The following method was used for calculating forced 


vital capacity and flow rate. 


Graph Rate = 


_) 0-25% 
§ ; 1200 mm/min 
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i. ee Vital Capacity 

A Vine "AB" was drawn and measured on the graph paper. 
Tititsecd.s.t ance din «m Wllaime-t eft ss muilctal p herds bid fave atotiorm,t 0321.04) , 
and divided by 1,000 resulted in the forced vital capacity 
ba [sl tess. 

Jiecterron Rate 0-252) 

Drawn tinier tiLNe' thr oughy ther Ob keind? fxd ®, (25%), 
points tand xen th it. met fOme anvaw oumite Onan ine FON onl this 
line ,OMeaeuire. anv Osada imeterh da st amic ened Oneaisecond oh sine’, 
Draw a perpendicular line "'LM'' meeting the "LN'' line at 
ie wtuitiiobes ‘LMe by: the factioras 2e 04n andedivides by 14000 
and this gives Coes flow) ratetsineg liitterseperrsecohds 

Sie FlOWwE Rates (25775 20 

Repeat the above methods only using the extended 
leneneat= £Lor1255754yllowepate, 

E. Sensitivity Threshold 

The Semmes-Weinstein Pressure Asthes tometer KS 2a 
modern adaptation of the long recognized Von Frey tech- 
nique.for the establishment of sensitivity threshold. 

Von Frey originated the technique ofausine horserha tins .of 
di€iering hkengths ,abesteagainst the tskinpvatonprodtiice ditf> 
fering pressures. The force exerted against the skin is 

a function of the lengtheand -diameter of «the ‘hair and (re- 
mans, .constantew Lthout«regand ito dt he bend tofi the “hair j:fpro- 
ducing a simple means of exerting a constant known force. 

The Semmes-Weinstein set consisted of a precisely 


calibrated series of nylon filaments of equal length, 
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(thirty-eight millimeters), and varying diameters set into 
individtal lucite: rods.» The’ log force: exerted by these 
filaments yields a linear function, providing an interval 
scale for the computation of thresholds. The setting of 
the filaments into individual rods permitted the test to 
be administered in a very rapid and simple manner for 
maximum subject comfort and examiner convenience. 

The nylon filament was far superior to natural horse 
hair for these purposes. It had high resistance to change 
brought about by fatigue or exposure to chemicals or light, 
thus provided a consistent and stable unit of force. It 
can be sterilized in alcohol without detrimentral effects. 

The complete testing set had a total of twenty 
j nds diva lt hanounteds fitthainen tis) 4 nb avefrl thked? scasex.! Avhe: range 
ofé force's: tava ablierwas sino m0rt0.0105! to; Met 7460+ onams,< broad 
enough to enable threshold determination from among the 
most sensitive body parts in a range of subjects From 
normal to those with any severe impairment of somatic 
sensation. 

The subjects placed both hands in a covered box. 
They were to respond positively to the examiner when they 
felt "any sensation on ‘their fingertips. Both the dominant 
and nondominant index fingers were tested. The subjects 
did not know which finger or hand was tested. Therefore, 
only correct responses to the pressure aSthesiometer were 


recorded, 
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, Complex Coordination Test 

The subject was placed in a darkened room and re- 
quired to make motor adjustments of an airplane-type stick 
anceridder, (pilot simulator), in response, to successively 
Hresemcodavicia laipatterns, 79). Ch 1aune bli. ihe. visual 
Patterns Cons lo wed of ‘Chreesparaltelerows of lights. Three 
rows were red and three corresponding parallel rows were 
green. Each new pattern appeared in red while the green 
lights were Daa ae UpOnsNOVementmol thes nudder and stick: 
The rudder controlled the upper hofd zontal row off green 
Pigits. If the rudder was moved to the right, the corres- 
ponding green light moved to the right, and vice versa to 
the left. The stick controlled the movement of the green 
lights in oe perpendicular and lower horizontal rows. When 
the stick moved forward and backward, the corresponding 
green lights moved down and up respectively on the perpen- 
dictliar row. “When (the stick moved to the riaqht of to the 
left, the green light in the lower horizontal row moved to 
the right or to the Yete, thesgreen light an =the Vover nori- 
zontal row moved to the right or left respectively. A cor- 
rect. Fesponse, (movement: Of the stick and rudder controls 
to the proper positions), was not accomplished until both 
of the hands and feet completed and maintained the appro- 
priate adjustment and the three green and three red lights 
were matched up. A new pattern appeared automatically at 
random as each correct response was completed. The score 


was the number of correct responses completed in a given 
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test period. Each test period was one hundred seconds with 
four trials, given. This test followed the sensitivity thres- 


hold test in each Session. 
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THE PILOT SIMULATOR FOR COMPLEX COORDINATION 


FIGURE Il 
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Gi Physical Work Capacity 
1}. The Theory Underlying the Test. 
fe Dl intgietr pand; lasisio ciitarte si paGel)ivetaretthat 


eS eduring prolonged heavy physical work the Indi- 


vidual's performance capacity depends largely on his ability 
to take up, transport and deliver oxygen to the working mus- 
cle. Consequently the maximal oxygen uptake, (or aerobic 
capacicty.)), Bits toramab vy ethe bes tine thiod lofillassesis i nig iphysitical 
Priness, providing the definitionvcf ohysical fitness is the 
ability to do prolonged heavy physical work.'"' 
But maximal tests are, time consuming, require knowledge of 
elaborate laboratory procedures on the part of the testers, 
require extreme effort on the part of the test subjects and 
require expensive and elaborate equipment. 

With these points disfavoring the maximal tests, 
He kWender @and associates, Gb4I53)ie provedattvere Gvasiia shigh 
correlation between maximal test results and results ob- 
tained with submaximal tests such as the Sjostrand Bicycle 
Ergometer Test in determining the work capacity at a given 
heart Frequency. a(Whth thits (proof imtmind pubt hs belhbeved 
justifiable to accept the results obtained there as being 
close Ttotthose that could tbe dobtained iwiith tmaxtmalhetest. 

The subjects underwent the modified submaximal 
Sjostrand bireye le te rgomete netest sasuthe + lastiplitemyohathe 


test ind esessiions!. as tout Wined tinsthe ‘booklet eby Metivier 


and? Ofban {72)i. 


2or Pike eGeneralhiPeseripttioncof wWodrthedesjostrand 
Test. 


Changes in circulation, respiration and metabolism 
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can. be studied during and after work. Consequently, the 
bicycle ergometer has become an important aid in the eva- 


luation of the physical work capacity, (PWC and of 


170)? 
cardiovascular condition. 

One indirect method in measuring the physical work 
capaci tyu of, antuindividualsds ithe: Sjostrand. (85). ands modi - 
fied Wahland (94) and subsequently used extensively in 
swedan by) Sjostrand... | Thenmodiftéd.Sjostrand,.used in this 
study, measures physical work capacity concurrent with a 
steady-state heart rate of one hundred seventy beats per 
minute, (ECs 70ne Biecyclil nee has. provien> tos ber.a very) suit- 
able work form, since, among other things, at a given load, 
(submaximal), it demands about the same energy output, 
whether. thessubject,isvyoung or, old, trained or out of 
SHyartion, elite bicyeiis tor ainfaniliar with the sport. 

in research directed at the regulation of respira- 
tion and circulation. ties investigation must be extended 
to work tests, including both submaximal and maximal work. 
Observation of the subject during muscular work can yield 
important information in an evaluation of circulatory func- 
tion. <A decrease in the heart's pumping capacity may not 
be detectable at rest, with a demand for a cardiac output 
Of s = Go iters, but Be ey wlll be so th the load, as 
a resist of sork, is avcerdiac output of )0r-—- 15 liters. per 
minute or more. ,Within the clinic, as well as in preventive 
medicine, it may be worthwhile to apply a workload corres- 


ponding to the subject's normal daily energy requirements. 
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If this test toad can be measured exactly, one can follow 
how the reaction to the load changes as a result of train- 
ing, placebo or marihuana, 

Dhise tests ts relatively seneapeto run, Gasy to trans - 
port the equipment and it only requires submaximal energy 
expenditure. “The sitiplictty=of the testing procedures faci- 
litate any training of testing teams and it also demonstrates 
a high relationship with maximal oxygen intake tests. 

The bicycles were calibrated before and after the 
three testing sesstons. hes calibrattionwfactors, established 
bye hangreng standand masses onesthe revodveng drum, (Figure IV), 
were the number of grams required to raise the pendulum to 
each successive scale marking. A factor was therefore de- 


rived tor each of thhe fourkeensisee le: divisions. 
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CALIBRATION OF BICYCLE ERGOMETER 


FIGURE IV 


FIGURE !V SHOWS THE CALIBRATION TECHNIQUE FOR ONE SCALE SETTING ONLY. THE FLY 
WHEEL (E) 1S LOOSENED AT THE AXLE AND PUSHED BACK SO THAT THE LIGHT STRING SUPPORTING 
THE WEIGHT HANGS FREE. TILTING THE ERGOMETER UP AT THE REAR AND READJUSTING THE SCALE 
(B) TO 0 SCALE READING WHEN THERE IS NO WEIGHT ON THE STRING, USING THE WING NUT (D), 
AIDS IN PROVIDING CLEARANCE OF THE STRING FROM THE WHEEL. THE WEIGHT (C) REQUIRED TO 


RAISE THE PENDULUM (A) IS ALSO SHOWN. A CALIBRATION FACTOR IS ESTABLISHED FOR EACH 
SLALE DIVISIONS 2, 1.5, 2, 2.5 €be. 


hy 


The test as modified involved riding a bicycle 
ergometer for a total of twelve minutes, four minutes at 
each of three progressively heavier workloads. The heart 
rate of each subject was monitored by a sanborn electro- 
cardtograoh, ALEG), at the end@otweach Toum=minute period 
of exercise. There {8S a direct relationship between the 
work done by an individual and the heart rate of an indi- 
wicduaie.) 4 Tabives tl Qu. 

TABLE I! 


RELATLONSH iP BETWEEN THE WORK UDONE AND? THE HEART RATE 
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SINUS BALANCE, SCALE AND TENSION REGULATING 
MECHANISM OF BICYCLE ERGOMETER 


FIGURE V 


FIGURE V SHOWS THE SINUS BALANCE, SCALE (D), AND TENSION REGULATING MECHANISM 
ON THE BICYCLE ERGOMETER (B, C). DOTTED LINES SHOW THAT WHEN THE TENSION ON THE BELT 
1S INCREASED THE PENDULUM RISES TO A HIGHER POINT ON THE SCALE. GREATER FORCE MUST BE 
APPLIED WITH THE LEGS TO THE PEDALS WITH THE PENDULUM AT THIS NEW SCALE POSITION. 


A -- PENDULUM B -- LEVER CONTROLLING TENSION ON BELT 
C -- HANDWHEEL CONTROLLING Di ==" SGALE 
LEVER 
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The sinus balance scale, (Figure V), was set at zero 
by loosening the belt until it exerted no tension. Care 
was taken to be sure the pedals were not touched during this 
part of the procedure. The seat was adjusted so that the 
subject feit comfortable. The patient leads were connected 
From the subject to the ECG as he sat on the bicycle ergo- 
meter. The subject, throughout his twelve minute ride, 
synchronized hts pedal frequency by means of an electric 
metronome set at one hundred, (fifty complete revolutions 
per minute). Pedal revolutions were also recorded on an 
electric counter. At the end of each four minute interval, 
the heart rate, pedal revolutions and work load were re- 
corded on the test form. Conversion charts were used to 
convert the ECG reading to heart rate per minute. The work 
load was increased at the end of each four minute interval. 

STATISTICAL TREATHENT 

For the purpose of this research project, a one-way 
analysis of variance, (correlated), was used for most of 
the variables involved. However, a two-factor analysis of 
variance with repeated measures on factor ''B'', (Time), was 
used for the Complex Coordination Test. The one-way analy- 
sis of variance was the method used for dividing the varia- 
tion observed in experimental data into different parts, 
and the writer could assign a source, cause, or factor to 
each part of the variance. It was used to test the signi- 
ficance of the difference between the means of a number of 


different samples. Tested were the effects of "k'"' treat- 
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ments, (control, placebo and marihuana). A different treat- 
ment was applied to each of the samples, with each sample 
being comprised of '"'N", (eighteen) members. The members were 
assigned to the treatments at random and treated in each 
treatment by the double-blind method as mentioned before. 
The null hypothesis was formulated for each parameter tested 
that the samples are drawn from populations having the same 
mean, (HC: Uy = U5). Some variations due to sampling fluc- 
tuation is expected between means; but we assume that the 
variances in the population from which the samples are drawn 
are equal, chomogeneity of evariance).. We assume also that 
the variables in the population are normal and the effects 
of various factors on the total variation are additive. 

KMetable was cons umictecdmeanppend|< A), to collect the 
raw data for each variable or parameter. After this was 
finalized, an analysts of variance table was drawn up for 
each parameter followed closely by a concluding statement 
about the null hypothesis depending on the results, (fF), 
obtained. | 

Following the wacoriecatiron of the “<b test, a meaninha- 
ful interpretation of the data required a comparison of 
Hairston means, “tt —the se tiwor “'k’ means differed isi-gnif i> 
cantly by the analysis of variance. We want to know how 
the means differ. Ils every mean significantly different 
from every other? Are there significant differences be- 
tween some of the means and not between others? 


A variety of methods exist for determining multiple 
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comparisons in the ANOVA. Methods have been developed 

by Scheffe (1953) and Duncan (1955-1957), Newman-Keuls, 
Tukey and others. These different methods adopt different 
criteria for the acceptance or rejection of the null hypo- 
thesis. in making multiple comparisons among the treatment 
means, Newman-Keuls method between ordered means was used 


when a significant ''F'' was found, 
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CHAPTER: 4 LV 
RESULTS. AND, DESCUSS LON 
emsn eh 1S 
Ae Mean and Range Values for Age, Height and Weight 
Mean and range values for age, height and weight 

for the Case subjects who participated in the inves- 
tigation are given in Tables ists 

TABLE ele 


REA AND sRAMGE NALUES WEORMAGE SS HEIGHT AND WELGHT 


PARANETER | MEAN (x) | RANGE a 
ees | meer n ie ey 
|Age (years) | PAu | DA eli i 
Heitane (inches) TOpe3 | 6G 20) ey oe 
Weight (pounds) 152.4 | \ Zoe Or 1067.9 

i) 
CLE Se eS) SA IAS LS Tes ee ye a 
B. Resting Heart Rate 


One variable measured in the investigation was the 
change in resting heart rate mean in the control session, 
after smoking a placebo in the placebo session and after 
smoking marthuana in the marihuana testing session. Changes 
in the resting heart rate means for the three treatment 
groups are shown in Table IV. 

TABLE LV 


REStANGRHEARE RATE VALUES 


IT REA TENT | MEAN (X 
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VARIANCE Gall STANDARD ERROR OF THE MEAN (pepe) 
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Figure VI graphically depicts the mean values and 


standard error of the mean values for resting 


between the three treatment groups. 
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MEAN RESTING HEART RATE SCORES FOR TREATMENT GROUPS 


| STANDARD ERROR OF THE MEAN 
110 


105.8 
100 
90 


80 78.1 


70 


MEAN RESTING HEART RATE ( beats per minute ) 


60 


CONTROL PLACEBO MARIHUANA 
TREATMENT 


FIGURE VI 
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Wesexustence of difference in the resting Heart 
rate means for the three treatment groups were tested 
TOte suit | Can Cemby. ai One-way, analysis, Of Variance.  labie 
V indicates the summary of uthe. amealysis.. A. sigmificant 
Git Lerence. occurred ate the i005: level: 
TABLE SY 


BNAE YSIS OF VARIANCE FOR RES NG HEART aRATE SCORES 


CO Ce) PRSSICMOL: ap RAO Sete 
d Ou8 

re ee eee hs yim etih 
Groups DO 893.75 2 5436.88 30.95% 
Error B8O5R ,5625 5] LIS66 


Total Meo 23 125 3 


rr ee mn Re er ote er tee ene Ome ne ee ee a ey 


weeigniticant at ties 0.05 levels 

Because a significant F was found, Newman-Keuls 
comparison between ordered means was employed as illustra- 
tea by lable VI.- As 8 restilt "of this, it was shown that 
there was a significant difference between the control 
group and the marihuana group, a significant difference 
between the placebo group and the marihuana group, bute mo 
significant difference between the control group and the 
placebo group all: at the 0.05 Tevel of significance. 


TABLE VI 
SUMMARY OF NEWMAN-KEULS COMPARISON BETWEEN 
ORDERED MEANS FOR RESTING HEART RATE 


MEANS. 3 (CMARTHUANA) 2 (PLA 
105.8 eM RNa eee atot Samed NOE bicoe 2 det 
iestrol ot eee 
TAL 32.056 * 4.389 0.0 

2. (Placebo) 

78S} 27.667 * 0.0 

(Marihuana) 

1905.8 no 
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* Significant at the 0.05 level. 
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Gs Blood Pressure 
The second set of variables to be investigated was 
the change in Systolic andy diastolic blood pressure in the 
three treatment sqroups. © Changese am systolic and diastolic 
blood pressure means for the three treatment groups are 
shown in Table VII and VII! respectively. 
TA Ploeg tal 
Sy¥oh011C -BLOODR ERE SS U RegrVy ALU ES 


TREATMENT MEAN (X) VARIANCE ( 5 2y PRISTANDARDAERRORS Ob) © 
_THE MEAN (ye) 


ee er nee rer a ee rn re et er re eR eR a mR Re pee Re eee ee a ee Bre er 


Control oie i W547 2.93 
Placebo | Ae pe xen 2766 
Marihuana 33 4 175.9 Seles 
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TREATMENT MEAN (X) VWARTANCE (S 


a ee Rr RR ES RE PO RRL ER A CO SS Tn 


Control fs 84.8 Ze ih 
Placebo 80.5 ED ree), 2021 
Marihuana 92°.3 ee2 Peo, 
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Figure VII depicts the mean values and standard 
error of the meanvalues for systolic and diastolic blood 


pressure for the three treatment groups. 
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The existence of differences in the systolic ‘and 
diastolic means, separately, for the three treatment groups 
were tested for fsitignifi cance: by ta'tone-way “analysis of 
variance, Tables IX and X summarize each analysis of 
Variance for the systolic) and diastolic blood pressure. 
Sesigmiti cantsthewas ‘found Geottocicuin fat) (tive. t0!, 0Ootolevel for 
both systolic and diastolic blood pressure. 

FAGLE. 1X 
RAGS CORP VARTANCE FOR SYSTOLIC BLOOD PRESSURE SCORED 


oe re re ere eee er 6 ——- Sn a re en Oe Ree or ee, 


SOURCE ORG) SUMS OF PTA EWN oe 


Ble Re Cea wns UIE OF Fe ee OO UAR ENS te Tl oot 
Groups 684.75 2 842.38 5.49 * 
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TABLE X 


AWALYS 1S GRAMYR FANT BE IRORT CDLUAS TORIC? BUGODRRESSURE SCORES 


PURE OP SS UNOT RMRMAg F APE AC MEA og he LOOMS ROG Ire 
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Group Pe gOr. 25 2 115095 ee POr80 5 * 
Error 5 21s 6 68. 3l 12 ry Di ] Ce = 05 ~27 he ae 
Total 7607. 0625, 53 
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* Signific ant at the 0.05 level. 

Aasioniticant F wasefound for both systolicuand 
diastolic blood pressure, therefore, Newman-Keuls. compari- 
son between ordered means was applied to both. This is 
ibivustrated as summaries: Inalapie Xl and XTi where tt is 
shown that there is a significant difference in blood 
pressure, (Hoth systorie and diastolic), between the 


control and marihuana group and between the placebo and 
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and marihuana group at the 0.05 level of significance. 
No significant differencesnat?the 9.05 leve! was found 
between the control and placebo group for systolic and 
diastolic blood pressure. 

TABUE-X1 


SUMMARY OF NEWMANSKEULS GOMPARESON BETWEEN ORDERED 
NEANS SE UR SYSTOLIC DOOD PRESSURE 


MEANS © PT Gere Pts SCHARTHUANS © MPR (PEACEGO) TNE. L.(COORTROL) 
ee ee ee. 1 he ee ee ee ee 


[ee Con ero.) 


281 12.389 * 1.967 0.0 
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TABLES 


SUMMARY OF NEWMAN-KEULS COMPARISON BETWEEN ORDERED 
MEANS FOR DIASTORTC EEG OD PRESSURE 


MeEANSe 9 °°. 3 (MAR TRUANA) 2 (PLACECRO)  “~ Y) (CONTROL) © 
Re oy, 02 OOo ke) they ev Pel 
(Control) : 

TARA 14.944 * Soa Oe) 
2 (P¥acebo) 

80.5 Ries sey Oun0 
3. (Marihuana) 

B23 0 
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= Sani? tecant at the 0, 05 level. 
ie Physical Work Capacity 

This variable was investigated to see if there was 
any change in the PWCji7q means for the treatment group. 
The PWCy79 values for the three trea'tment groups are illus- 
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VALUES 


FREATHENT ~~ HEAN(X) """ VARTANCE (S*) “STANDARD ERROR OF 
UHERMEAN Crs) 2 
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Placebo 1099.2 S4400.9 BE Ceron 
Marihuana 829.9 K5410.6 EOS26 
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Figure VII! graphically denicts the PWC mean 


170 


vVoaliiers. and Standard efrrom on Ene means Valdge for the. three 


treatment, qroups. 
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MEAN PHYSICAL WORK CAPACITY AT A HEART RATE OF 
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FIGURE VIII 


170 (PWC 179) SCORES FOR TREATMENT GROUPS 


| STANDARD ERROR OF THE MEAN 
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Because differences in Ee 70 means were evident 
from Figure XII! for the three treatment groups, a one-way 
analysis of variance was applied. The summary of this 


analysis is found in Table XIV. A stgqnificant difference 


in PWC i769 Wwasmpound at the 0.05 shevel, 


At ES tke 
ANALYSYS OF VARTANCETEOR EO 6 SCORES 
SOURGE OF SUMS OF ae mee. aks WA. 
MABJENCE _ USOUARES< so oy ap 2 SQUARE : 
Groups E225 004 20 te 612512.0 10.40 * 
PO, urd OE 2 12 ORR nel eae Shel OO Oe wala ox ae 
Total HD?) 226 0 53 
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Now that a significant F was found to exist for PWCy7Q9, 
Newman-Keuls comparison between ordered means was employed. 
A summary of Newman-Keuls comparison for PWCO1 79 mean scores 
for the three treatment groups is found in Table XV. As a 
result, there was a significant difference between the con- 
trol and marihuana group and between the placebo and mari- 
fanaa grotto at the 0.05 Vevel.” But no; steniftcance: was evi= 
dent at the 0.05 revel between the control and placebo group. 
TABGE: XV 


SUMMARY OF NEWMAN-KEULS COMPARISON BETWEEN ORDERED 
MEANS OF PWC 79 


Cn re re te reo a ee 


KERES MARTHA) OO CPL BG 1 (CONTROL) 
ws ken RTS Ro 8 tee ns level 109K en Ne 
Pen (Gontrotl) 

Higs. 2 351.300 * 78.033 AD. 
2. (Placebo) 

1099.2 O73 Sa ee 0.0 
2.) (Marihuana) 

825.9 0.0 
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Significant at the 0.05 level. 
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PWC/Kg. of Body Weight was also computed for each treatment 


group. These values for the three treatment groups are illustrated 


fpaaple ak T, 
TABLE XVI 
\. U 7 x 
PWC 19 BODY WEIGHT SCORES 
nn ng eT ae ane 
‘TREATMENT MEAN (X) VARIANCE (S*) “STANDARD ERROR OF 
M oe. 
a THE MFAN (AP 
Control 16.96 10.83 0.78 
Placebo 15.77 6.05 0.58 
Marihuana hess 5.28 0.54 
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Because differences in PC) o9/Kg. Body Weight means were evident 


from Figure XVI for each treatment group, a one-way analysis of variance 
was applied. The summary of this analysis is found in Table XVII. A 


significant difference in PWC /Kg. Body Weight was found at the 0.05 


170 


level. 


TABLE XVII 
ANALYSIS OF VARIANCE FOR PWC 1 49/Kag- BODY WEIGHT SCORES 
SOURCE OF SUMS OF ae MEAN ) : 
VARIANCE SQUARES SQUARE 
Groups 259..36328 2 129.68 17.56% 
EO 4 8 3000/5) Boe aan ys 3a 


Total 53 


*Significant at the 9.05 level 
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Now that a significant F was found to exist for PWCy709/Kg. 
Body Weight, Newman-Keuls comparison between ordered means was 


employed. A summary of Newman-Keuls comparison for PWC /Kg. Body 


170 
Weight mean scores for the three treatment groups is found in Table 
XVII. As a result, there was a significant difference between the 
control and marihuana group and between the placebo and marihuana 


group. No Significance was evident between the control and placebo 


groups. 


TABLE XVII! 


SUMMARY OF NEWMAN-KEULS COMPARISON BETWEEN ORDERED 
MEANS OF PWC /Kg. BODY WEIGHT 
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“MEANS 3 (MARIHUANA) 2 (PLACERO) 1 (CONTROL) 
183 Leak) 

1? (Control 

16.96 5.129% 1.193 0.9 
2. *A(Placebo) 

e177 3.936% Od 
3. AMarithuana) 

11.83 0.0 


*Significant at the 0.05 level 


Along the same lines of thought, predicted VO, was calculated for 


each subject in each treatment group. These values are given in Table 


XIX 
TABLE XIX 
MVO,, SCORES 
TREATMENT MEAN (X) VARIANCE (S“) STANDARD ERROR OF 
THE MEAN ( 5) 
Control Eee es O. 1k J 0.09 
Placebo 3 Ou 0.19 0.10 
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The differences shown in Table XIV suggested the application of a 
one-way analysis of variance. The summary of this analysis is found in 


Table XX. A significant difference in Predicted MO; was found at the 


0.05 level. 
TABLE XX 

ANALYSIS OF VARIANCE FOR MYO, SCORES 
SOURCE OF SUMS OF DE MEAN : 
VARIANCE SQUARES SQUARE 
Groups 7. 8002930 — 2 ese) Po Te 
Error Gogo 5 5013 5] (egies) _ 
Total 16.7956543 53 


‘Significant at the G05 levell | 
Newman=Keuls comparison between ordered means was employed because a 
significant F was found. A summary of Newman-Keuls comparison for predicted 
MVO, mean scores for the three treatment groups is given in Table XXI. As a 
result, a significant difference between the control and marihuana group and 
between the placebo and marihuana group was found. No significant difference 


was found between the control and placebo group. 


TABLE XXI 
SUMMARY OF NEWMAN-KEULS COMPARISON BETWEEN ORDERED 
MEANS MVO, 
MEANS 3 (MARIHUANA) 2 (PLACEBO) 1 (CONTROL) 
2.3 ed 3.044 2. 133 
eatCon trol) . 
303 0.867% 0.139 9.0 
2. (Placebo) 
3.044 0.728% 0.0 
3." (Mart huana) 
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*Significant at the 0.05 level 
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E. Grip strength 

Another pair of variables investigated were 
the dominant and nondominant grip strength means. The 
investigator wanted to find out if there was any change in 
the means of grip strength for the three treatment groups 
for either the dominant or nondominant hands. The dominant 
grip strength scores are summarized in Table XXII while the 
nondominant grip strength scores are shown in Table XXIII 

TABLE XXII 


GRIP STRENGTH SCORES (DOMINANT HAND) 


TREATHENT WEAN (x) VARTANCE (S° ) STANDARD ERROR OF 
ie, ne eee SN RR a SU 0 
Control 53.8 30.4701 1.30 
Placebo Bee | 21.6861} P10 
Marihuana 52.2 22... 8.476 Veale 

TABLE XXIII 


GRIP STRENGTH SCORES (NONDOMINANT HAND) 


TREATMENT MEAN (y) VARIANCE (S 7 y GSAND AR DeERROR Or” 
Pome a | eo el) SE NER NCU mee 
Control B 2a 2 24.2089 Poa ess 
Placebo Buco 20.0046 1.05 
Marihuana 48.8 12.3541 ORS 
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Figure IX shows the required mean values and standard 
error of the mean values for grip strength, (dominant and 


nondominant hands), in the three treatment groups. 
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Pt vystevidenterrom Frqure “Ik ithat aiff aranicées Pare 
present in the means for grip strength, (dominant and non- 
dominant hand), for the three treatment groups. Therefore, 
g°one “Way ‘analysis of ‘Var Pance was sapplied@to the *datat 
tres ssummary of Vanalysis*fs-foend ta TabYes xv and XXV 
fewis evident trom TablasuXXlV and XxXV that no, significance 
occurred at the 0.05 level between the control and placebo 
group, between the control and marihuana group or between 
the placebo and marihuana group. 

TABLES XX 1; 


ANALYSIS OF VARIANCE FOR GRIP STRENGTH SCORES 
(DOMINANT HAND) 


~ ~ AR RE a EN ROR Re RU RR PER RR A A NE RY RE A 


SOURCE OF SUMS OF DE MEAN Ec 

eee bes SOR ARES: . SNe oe UAE foe ee SP ee 
Groups 34.0900 2 17/200 0.68 

Py eS EE eae ef a oe 2S Ie Raa Oey AL Sac be hae aN oun ue ek a 
Total ee FF ee 53 


nn RE eS RR en ee tee Me me Breen Fe A ee rn me OL Re eer ne eR a ee Se RR 


3.23 was required for a significant F at the 0. 05 level. 
TABLES XY 


ANALYSIS OF VARIANCE FOR GRIP STRENGTH SCORES 
(HONDOMINANT HAND) 


—_ a ee re Tr Re RE RE = REE ER NY RS RE ES RN NR eR RT 


SOURCE OF SUMS OF Ne MEAN c 

VAR TANCE. SQUARES, pyp-gewe tae jeg) SOUR ET fe 
Groups LOSS 4375 2 5 Ora] 2 2.80 

BU Oar = 90) O20 ewe 9 A Ole ee Pee 
Total 106750625 53 
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3,23 was required for a > significant F at the 0. 05 “evel 
FX Forced Vital Capacity and Flow Rate 

Other variables of the present investigation were to 
determine, if .any, changes in the subject's forced vital 


capacity of the lungs and the flow-rate of expired gases 
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From theedungs from 0-252) and 26-75%." These siconress were 
measured for the three treatment groups; control session , 
after smoking placebo session and after smoking marihuana 
session. Tables XXVI, XXVII and XXVIII summarize the data col- 
lected for the forced vital capacity flow rate from 0-25% 
and flow rate from 25-75%. 

TABLE XXVI 


BORGER NAP ALS CARACIILY SiC ORES 


TREATMENT MEAN (X) VARIANCE ($2) STANDARD ERROR OF 
We noes he Le eben TORS ny eames. 
Control ot 0.4003 Opera, 
Placebo Neel 0.5898 a2 
Marihuana 5.0 0.4723 On 6 
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TABLE XXAVII 


FLOW RATE (0-253) 


TOA TMENT. U MEAN AK) ORWARIANCE (6-7) & OSTANDARDEERROR OF© 
IRE MEAN re 


te eee te re RS ER eS a ERE RS OE rR RR Ae SR SE Oe NS Re GRE Ee tem a Aan ae cc 


Control Ee 2 pe? 0.39 
Placebo Stay Pees | Ores 
Marihuana 5.0 oe oo 0.38 
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TABLE ONAN 


FLOW RATE (25-753) 


REATHENT MEAN (X) VARIANCE ($2) STANDARD ERROR OF 
PUN ESMERNSOuNs) 


ee ee er NE EN PR ERR FI EN BRET RE ee ne RR NY Gm ne rere ere ne 


Control be] iOS Oz o 
Placebo 7 0.047% Hm25 
Marihuana tee fon mebewr 0.28 
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On ‘the besis of theudata collected, ft raure: A wast cons 
etructed to ti?Tuastrate the mean values and standard error 


of the mean values for forced vital capacity, flow rate 
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from 0-25% and flow rate from 25-75% for the three treat- 


ment groups. 
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FOR TREATMENT GROUPS 


) 


MEAN FORCED VITAL CAPACITY AND FLOW RATE SCORES 
(0-25% & 25-75% 
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On the basis of the existence of differences found 
in means from Figure X for the three different variables 
in the three treatment groups, it is necessary to apply a 
one-way analysis for each variable. Table XXIX summarizes 
the analysis of variance for the forced vital capacity. Hh 
was found that no significant difference occurred at the 
0.05 level for the forced vital capacity between treatment 
means. 


TABLE XXIX 


ANALYSIS OF VARIANCE FOR FORCED VITAL CAPACITY 


eo 


rn EC ae 


SOURCE OF SUMS OF DE Ss Vie nae c 
VORVANCES th SOUARES” }act so Ane OS 0UABREI om aa 
Group 7.836914) 2 0.04 0.08 
ie a ee OU 8 eM SSE en ed EL 
Gaal 26.8486 331 hy 


mang 39 wastrequlréd tor agsianiticant, F cat the 0.05 level.” 
Table XXX summarizes the analysis of variance fOr 
the flow rate from 0-252. It was shown that at the 0.05 
level no significant difference occurred between the treat- 
ment means for flow rate from 0-252. 
Ba Wot 9) ear, 0,4 
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Mee Cr UAE Sree eee eee oo DOUG eee eee 
Groups 4.078369] 2 2,04 1.99 
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Table XXX summarizes the analysis of variance for 


the flow rate from 25-75%. “It ‘was shown that at “the 0.05 
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level that no significant difference occurred between the 
treatment means for the flow rate from 25-75%. 
TABLE XXXII 


ANALY Sil St OFeaviamol ANCES FORA FLOW RAT Et ROMS 125-752 


ay 
DF 


FN ETE ETE are HE ele ge tee 


ae 2. ee Ce eka here 
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G. Sensitivity Threshold 
Another variable investigated was the sensitivity 
threshold in the subject's dominant and nondominant index 
fingers. The investigation was to determine changes, if 
any, in the meah sensitivity thresholds between the three 
treatment groups. Tables XXXII and XXXIII summarize the 
sensitivity rarer ole scores calculted for the dominant 
and nondominant hand respectively. 
TABLE XXXII 


SENSITIVITY THRESHOLD SCORES (DOMINANT HAND) 


s epee ay 


TREATMENT MEAN (X) ~~ WARTANCE (S$) STANDARD ERROR OF 


THE MEAN (one) 


re reer ane + eRe BEAT A OEE OE SN NN |S RR RR LD RAE NEN ee Be IS OR EA RO Oe Or OR Ree ee ee 


Cant toil pS B02 O15 33 0.99 
Placebo 2.96 QO. 1432 9.09 
Marihuana a2 0'l 0.2024 es ha 


Ne ne er RE ER ES SRT RRR RS RR FE ES aE RENE EE RE TRE A MR Re BT RR FES EE WEE RT CREEL BRT OMY RTT Reemrrre 


TABLE XXAXI11 
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On the basis of the data from Tables XXXII and XXXI1] 
Figure X!1! was constructed to illustrate the mean values and 
standard error of the mean values for sensitivity thresholds, 


(dominant and nondominant hands), for the three treatment 


groups. 
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Because of the existence of differences in the mean 
of the three treatment groups for both dominant and non- 
dominant hands for sensitivity thresholds, an Bane AF 6 
variance was applied to both. Table XXXIV illustrates 
the analysis of variance for dominant sensitivity threshold 
scores. No significant difference occurred at the 0.05 
level for the dominant hand between the three treatment 
group means. 

TABLE XXXIV 


ANALYSIS OF VARIANCE FOR SENSITIVITY THRESHOLD SCORES 
(DOMINANT HAND) 


Seren pecan 
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3.23 was required for a significant F at the 0.05 level. 
Table XXXV illustrates the analysis of variance for 
nondominant sensitivity threshold hand scores. Again, no 
stligniisf ican te adif ferentce:racciinned gat) thie:.0 205 ihevel tor the 
nondominant hand between the three treatment group means. 
Mee XXX 


ANALYSIS OF VARIANCE FOR SENSITIVITY THRESHOLD SCORES 
(NONDOMINANT HAND) 


a eee en RCT CUTE SOIC ENTER 


SOURCE OF SUMS OF 91). ,p  4\4¥4cAN : 
VARIANCE = SQUARES Las ___ SQUARE 

Groups 0.444333594 2 G222 | eee Ee 
Ereor. >... S003 o (leo memo... aloe. Fe. End 
Total 9.378903894 53 


a ne ee ae ee 


nee 2 eee 


ee ee ee ee ee ere Cee 


ee 


a te arene 


3.23 was required for a significant F at the 0.05 level. 


. i 


m otf wh ge: wet) a 


. 


a \ fe Ac ne as ae. ay va 
isos z7us | VINEE gideT. a 


is ee 7 
¢€ Per | nol 40? son hoe 
: i 


a 
a 


uese song wtih dapedPinghe € 
' a 


- 


7 
> 
“gd 
>) 


1 
{ 
a, 99 
} 
a a] 
—— —. - quae 
aval 25 OG a: , ja 7 nee vine Siz # +0? bsvlips 
J >. is 7 i: 


H. Complex Coordination 

The last variable investigated was complex coor- 
Gdinevion, measuredmytth the’ usemotmea pi lotesinulator as 
descrived itn Chapter Jit. The investigation was to deter- 
mine any changes in complex coordination between the three 
treatment groups over a period of four time trials. Table. 
XXX Summarizes the means calculated for each treatment 
Groupwat each time trial for “complex coordination. 

TABLE XXXVI 
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LREACMENT 


ee eo Ee RR RRR OR Re EE 


“TR Atle (MEANS 


Be 8 ts ee ek ee OE. oo Cee, 
Control }2253 14.61 rts: 16.00 
Placebo iG m2 19.11 18.50 Bs Wag (2 
Marihuana ~~ Mees 22 been lay, by ere 16.39 
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On the basis of the data in Table XAXVI,it was evi- 
dentet hat two Ti gutesmocwconciuructed., “arigure Xt Eblus- 
trates the complex coordination scores of the four time 
trials [Og each theaujcmeueg rou andar gage“ lil) Sil buss 
trates the complex coordination scores of’ the treatment 
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There existed differences in the means of the three 
treatment. groups, andi the. four time trials... thenefore,,.a 
two-way factor analysis of variance with repeated measures 
on factor ''B'' was employed. Table XXXVI] Summarizes the two- 
way factor analysis of variance for complex coordination. 
As'a result of this table, three statements can be made: 

Jase Fe Ay eats Me Gtt-6.ctiseucs howe d gay ss gn Gcan' test on ale, 
means that the control, placebo and marihuana groups are 
significantly different at the 0.05 level regardless of 


time. 
26 “BVomein effecis showed a sTaniticant FF, whiren 


means that time was significantty different at the 0.05 
level regardless of treatment. 
3. The effect of treatment over time was not sig- 
Mee ant. at the 0.05 Tevet. In other words, no treatment: 
effects the groups differently over time. 
TABLE XXAVE! 
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FACTOR. J Bil VF ORs COMPS eC O.OR DIN AT ON. 5.0.0.R.E S 


TUF A O eeelwln fa OU) skeen el ae BOA Ah Sa ae a a EO, 
a ED ee OU RE emer ee = 8) Oe wee See et 
Between Subjects 2720.71] 53 

"NA" Main Effect ote eae bie: 2 2OJeD0 f Sea ie 
Subjects Within Groups 2185 .352 51 42.850 

Within Subjects 929.250 162 

mB Main Effect 389.224 5 P2574 40.589 % 
"AxB" Interaction 0 OF 6 8.501 2.660 
“BY x Subject 439.059 153 3.196 


Within Groups 


ae ee ne ee Rn Re RY Ren em Rene ME te Fae Gee nen Ae I a per te te er ee eee ee ere ee 


Significant at the 0.05 level. 


fe 
7 


doa 


: i 
A ‘BD LCs a ag 


ci a4 iter 


me oe 


P : _ 
i. - 
2 eS f ban. ee a 
Cs Prt 1 ike 
a ae 
eT. ai ¢ bey amis” 
: + ¢. 


inicnn ed Makes at bes a 


oye? 10 af 
oo 


, io 
3 7 


mm 27 Lev JANA ADE 
a? a ‘ag aM; 


. > - —_— ey 
’ ; 

7 2 

ee — 


. & 2 ‘ae +: ato id 
: ft. 22 Za5%, 
cps wv 


ye 


DISCUSSION 
Several results from this study show quite a marked 

individual variation in response to cannabis. The results 
also raise important questions about, the action of: marihuapa 
and suggest directions for future research. Despite the 
indivedual variation one couldsdlscern, inzallecases., a 
common basic pattern of response. All subjects experienced 
a curious disturbance ae consciousness, a disorder of time 
pemception, sand difficulty in, immediate necal jo. Accompanying 
these mental changes, the constant physical changes were 
pulse rate, blood pressure and physical work capacity. 

The disturbance of consciousness is difficult to define. 
For the first one-half hour or so, there was in most cases 
Gg waxing Of waning of contact swithereality, or, more correctly, 
# constrketion of the field of awareness. Despite this, the 
capacity for self-observation appeared to be heightened and 
most subjects responded relevantty if stimulated. Several 
of them denied any disturbance of consciousness, maintaining 
that they were fully aware of their surroundings and the nature 
and purpose of the investigation. But to the observer, there 
was undoubtedly a definite though often subtle and elusive 
change tn the degree or direction of awareness in all cases. 
Also, the subjects were in a state of sustained hilarity 
accompanted by excited talking after smoking marihuana. This 
did not take place after the placebo smoking. The idea of 
the investigation would suddenly seem enormously amusing, 


to the subject, and oddly enough the subject would often 
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remark on Its inappropriation himself, e.g., in telling some 
story, with much giggling, he would say that it seemed absurd 
that it was so funny and yet laughter was irresistable. 

There were two subjects out of twenty who did not com- 
plete ‘the Iinvestiaqation. One “subvect. (¢20) 9 tor personal 
reasons had to drop out and did not complete any testing. 
thew other: subject, (28), Was an interesting-case.  Thistsub~ 
ject completed the control session. He came to the second 
session and while he was smoking, he indicated that he was 
getting extremely high. He said that he "had the real stuff", 
(he didi). He was only able to smoke 0.8 grams of the total 
1.3 grams of marihuana. He complatned that he was too high, 
and that he would likely fall asleep on us if he tried to 
finish all the sample off. Therefore, he was driven home by ca! 
The wtp Po pe the same subject phoned and ftndicated that he 
would not complete the rest of the tests. He felt that he 
was being used as a "guinea pig'! and as a result refused to 
come out any more. 

The eighteen subjects were asked at the end of each 
testing session to guess whether they smoked marihuana pe 
placebo. The subjects were not told intttally whether they 
had smoked a marihuana or placebo sample. While this study 
was designed primarily to quantitate pharmacological effects 
on performance and deliberately avoided the [intensely sub- 
jective phenomenon of the "high", certain observations do 
Fit with prior reporting of these effects. Only three sub- 


jects concluded that they smoked marihuana when they actually 
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had the placebo. The rest of the subjects were able to dis- 
tinguish between the marihuana and the placebo. This was 
likely because only one marihuana sample was smoked and it 

was assayed as a potent sample. If other weaker samples 

were also used, this may have helped mask the placebo material. 
Although the subjects commented that the placebo had the. 

same physical characteristics as marihuana, (appearance, 
sm@lleand taste) but they were both ,extremely tharsh ito 

smoke. When subjects smoked marithuana, comments such as, 

trys 


'! feel weightless," mgasehieh, asia ekiite, whe BO y.,) eam 


bre ven chopped .off.,,"' 


and others were common though unsolicited. 
When the subjects were administered placebo, they experienced 
some degree of euphoria at first. They were also slightly 
dizzy. They attributed these observations to inhaling smoke 
and, the harshness iof othe asamp Léesi.tself,. , 
Another subjective finding which was reported after 
the subjects smoked marihuana was that lights appeared to be 
much brighter. The subjects also indicated that they did 
not appear to be dizzy nor did their vision appear to be 
Biiened sand «fo ohnd! cation Sanne speech was evident. 
The observer did’ notice that the subjects' eyes were glassy 
in appearance and their pupils were dilated somewhat after 
smoking marihuana. Other studies report the lack of any 
change. tn. -pup Lb »s.ize, cof the subjects after they had smoked 
marihuana (98). This discrepancy emphasizes the need for 


data» from carefully »controtled investigations rather (than 


from casual observation of anecdotal reports in the obser- 
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78 
vation of marihuana smoking. 

Other physical changes that occurred in all subjects 
were also of great interest and importance. 

The subjects' ability to physical performance on the 
bicycle ergometer is related to the heart rate response at 
a controlled set work load (bicycle tension x average pedal 
eel tons per minute x 6 meters (distance of 1 complete 
pedal revolution)). As reported in the results, there was 
a marked, significant increase in the subjects' resting 
pulse rate and resting blood pressure (both systolic and 
distolic). These results indicate why there was a signi- 
ficant drop in the physical work capacity. The subjects 
were only able to perform the same work with a higher heart. 
rate after they smoked the marihuana. The D9-THC has been 
reported (61) to be in the plasma of the blood. This may 
prevent the same amount of oxygen being transported to the 
working musctes at the ae heart rate. As a result the 
heart rate and cardiac output must increase to Satisfy the 
demands of the working muscles. 

The significant increase which was reported for 
resting heart rate and blood pressure differs in some in- 
stances with findings from other authors. Forney (35), 
Volavka et a1 (93), Domino (34), and Ishelleet ab (50) 
reported a significant increase in pulse rate which was 
dose related after smoking marihuana. Weil et al (98) 
also reported a significant increase in pulse rate after 
smoking marfhuana, but which was not dose related. Weil 


et al (98) used 4.5 mg. to 18 mg. compared to the authors 


vv 


a 
any 


: - _ 
Padi a” ae >) 


prow fae Ai bart 70. 
tm ¥ 


a, - } 
ephesroOoeh 


=4¢ C 
° 
1 rq (dss 
= “ = * 7 ’ 
\ 5 | grnanit 
| canal 
, 


<< } 72 ee 
7 =) ' j 
bat Tue : aaa Jeu ie 


; bd f i a i. cae: | 
wa 4 nf rr nc ra 5 
ata abis ne 

ie ae acces 
7 sedbh 4 
a“ or. 


ih 7iea.< 
Rot - >2 ae 


senaen " sani a 
a) 


- ff 4 


e IkvomNe awe 5 ni 
* Pa! 


oti 16° seloedm pan 
_ 


4 boots tne aay a NKam 
_ 


T hiek 14 gontoaly ae 


4 a, tbl Li an ette?. ease r, 


ni see Srl 91s 27 Rgtt be 


ert 
(AT yt yal dows” sadh a" ba io 


5tina Van | rena thle Ba voi : 


ri Si fw i ura Ata 


aes 
diet a nae 


a i 


Pei2'mhgs OF DOSTHE® The other authors reported dosages 
per Kg. body weight but the body weights were not illus- 
trated. “Hollister? (45 )S°Mannovet al (62)""te Guardia (64) , 
and Jones (53, 54) illustrated, by administering one dose 
of marihuana by smoking, a significant pulse rate increase 
which agree with the author's findings. Manno et al (62) 
used 10 mg. for his study compared to the 18.2 mg. ay ANG <- 
tered by the attthor in this study. 

Isbell et al (50) reported that blood pressure 
remained constant after the drug was smoked which does 
not agree with the significant rise in blood pressure 
Found ‘in this@study. "Ames “€3) "and Waskow (97) reported 
aemiserand drop respectively ein blood pressure after oral 
Samim Str ation of the drug; although their results were 
fomertaviat "cally "svgnt @’cant ewe hl et a! (95) "felt that 
enough research was evident on blood pressure and therefore 
did not record blood pressure fesn Pee 

Lack of any change in muscular strength of the 
subjects after they had smoked marihuana is an enlightening 
finding especially because Hollister (4) demonstrated muscle 
weakness objectively with the finger ergograph. These two 
findings again emphasize the need for more objective data 
on any changes in muscte strength both grossly and at the 
cellular level. 

No significant change was found in the subjects 
expired flow rate from the lungs after smoking marihuana. 


Although subtle changes were evident. The marihuana smoke 
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was inhaled into the lungs and little or no smoke escaped 
wither from the pipe or the subject's lungs into the atmos- 
phere. This indicates that possibly the dead air space 

of the lungs along with the alveolar sacs were filled with 
the Bokeh: but no changes in ee rate occurred after ine 
placebo or Tory nena session. Therefore, the smoke goes - 
through a cnet a reaction as a result of it burning and 
be directly absorbed into the cardiovascular system via 

the alveoli. 

The phenomena that no change in sensitivity threshold 
was evident indicates that the fine nerve endings of the 
somatic nervous system of the index fingers are not signi- 
ficantly affected as a result of smoking marihuana. Other 
parts of the central nervous system, (C€.N.S.), may be -af- 
fected but this investigation was limited to the pressure 
receptors of the index fingers. 

The pilot simulator used in measuring complex coor- 
dination was extremely interesting and unique. Remember 
from the results that no significant change occurred jin 
COIS: coordination between the three proeae oe (con- 
trol, placebo, marihuana), over the four time trials. But 
Pt Ts interesting to note at this time, tors iurtner investi- 
gation, that changes did occur and that the subjects did not 
score the same results on different trials or during each 
treatment session. For example, some subjects scored 
better after they had smoked marihuana while others scored 


better in the control session or after they had smoked the 
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placebo sample. These scores did not depend on any set 
order in which the sesstons took place. The answer to 


° 


this and many other tasks like it Iles in further Iinvesti- 
gations which are more highly structure and specific. 

Finally, the author would like to comment on the 
fact that the marihuana appearéd to be a relatively high 
intoxicant in this study. If these results seem to differ 
from these of other earlier investigations, it must be 
remembered that other experimenters have given marihuana 
orally, have given doses much higher than those commonly 
smoked by users, have administered potent synthetics, and 
have not strictly controlled the laboratory setting. As 
noted in the review of the literature, more powerful effects 
are often reported by users who ingest preparations of mari- 
huana. This may mean that some active constituents which 
eteer the body when the drug is ingested are destroyed by 
Contud BY6At a suggestion that must be investigated in man. 
anoeier consideration ts the extent to which synthetic THC 
reproduces hari ieee intoxication -- a problem that must 
be resolved before marihuana research proceeds with THC 
Instead of the natural resin of the whole plant. 

A few questions about marihuana are still left un- 
answered. What Is the true potency of THC? Alkaloids may 
be found in the plant, but are these significantly active 
or present in significant quantity? Can other materials 
which appear inactive in the plant, actively interact with 


the THC cannabinoid to make it more active, or convert to 


other active materials within the body? 
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CHAPTER V 
SUMMARY AND CONCLUSIONS 
SUMMARY 

A sample of twenty volunteer human male marihuana 
smokers were used in the investigation. Each subject, 
age twenty-one to twenty-seven, reported to a neutral 
laboratory setting for three different testing sessions. 
Eighteen subjects completed the investigation. On the 
first testing session, each subject reported and com- 
tee the test battery with no drug or placebo being 
administered. This was used as his control test. On the 
second testing session, held at the same time of day, each 
subject smoked either marihuana or placebo before proceed- 
ima with the test battery. -On “the third testing session, 
each subject reported smoked the opposite of what he had 
in the previous session, before completing the test battery. 
The investigation was by the double blind method. Each 
subject smoked 1.4 grams of marihuana which contained 
bs23'% p? -THC. Thenetore,.-16, mams.. of pure 0 9-THC was smoked 
in a certain period of time, Each subject also smoked 
1.4 grams of placebo which did not contain, any. cannabis 
intoxicants. 

The following parameters were measured and recorded 
on each subject: resting heart rate, blood pressure, PMC 79, 
muscle strength, forced vital capacity, expired flow rate 
from the lungs, sensitivity threshold.and muscular complex 


coordination. 
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The resting heart rate was significantly higher, 
(0.05 level), between the control and marihuana groups and 
between the placebo and marihuana group. But no signifi- 
cant difference occurred between the control and placebo 
group. 

Blood pressure, both systolic and diastolic, was 
significantly elevated, (0.05 level), between the control 
and marihuana group and between the placebo and marihuana 
group. No significant difference was found between the 
control and placebo group. 

PW i149 Was Significantly lowered. (0.05 Tevel) © as 
a result of smoking marihuana. But no significant differ- 
ence was found between the control and placebo groups when 
PWCy79 was measured. 

ee Pati had no significant effect on muscle strength 
in the dominant or nondominant hand a measured by the hand 
dynamometer. Also, the smoking of marihuana showed no sig- 
nificant results for forced Vital capacity of the lungs or 
the flow rate Of expired atr from the lungs. 

The sensitivity threshold receptors located and 
tested in the index fingers of the dominant and nondominant 
hand revealed no significant difference as a result of smo- 
king marfhuana. Over a period of four time trials, no sig- 
nificant difference occurred with complex coordination as 
measured by a pilot simulator for any treatment groups after 


smoking marihuana. 
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CONCLUSIONS 

AS id dF OS Ght tor Fans ctinvestil dation ~art eean ake stated 
that the smoking of marihuana affects a person's heart rate 
and blood pressune mene vcancalso conehide «thatera person's 
capacity to do work on the bicycle cieke is also lowered 
Signikicantlhy., This would greatly affeet the athlete's 
ability to perform up to standard on the playfield. Fatigue, 
as a result, maywset in sooner than is expected, 

On the other hand, we can Be te cel as a result of 
the investigation, that muscle strength and muscle coordina- 


om 


tion does not change. Therefore, subjective statements by 
ace tes thaitetheiispertormance as improved “after smoking 
marihuana as far as strength and coordination are concerned 
is false. Their strength and coordination does not improve 
but in the same manner it its not reduced, 

Results of this investigation also: keeadsi athe; tainttior 
to conciude that more substantial scientific evidence and 
investigation into the effects of cannabis sativa on human 
performance is needed before any rash and hasty evidence of 
facts lane. revealed tas, the ultimate: ot ruth. 

RECOMMENDATIONS 

Sci entditsiica rimvelsstal Gartal one alinjto, the seiftie.cts,.o fi tine 
cannabis sativa plant on human performance is very young. 
Therefore, tt» iu rithess; assthuiditie s} canento: deve hon: as) -a, ineis1t 
of this investigation, a few recommendations may be helpful. 

12: Further investigations should look at various 


dosages of the active cannabinoids. 
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2." Various isomers of the active tetrahydrocanna- 
binol should also™be invest igated®4n® order?’ to make available 
which tsomers are stronger or weaker in potency. 

3", » Men’, ‘women’, naive and? chroh ic smokers” of mari 
huana should be investigated for -Gittrerent physiological 
changes. 

4. A long term study is needed to find out the phy- 
siological, psychological and socialogical long term effects 
on human performance and behavior, 

5. The amount of pure pD?-THC should Deets unuculy con: 
trolled. No more than 35 mg. should be given clinically for 
a 70 kas persons. (95). 

6. The dosage of the active ingredient used should 
be measured out per kg. of body weight and not the same 
amount for each subject. 

7. Other physiological parameters not investigated 
thoroughly yet, should be investigated. 

&. Various methods ofscqaministration of the drug 


14 


should be compared and traces of c tagged on to the active 
intoxicant to see how much is being metabolized and how much 
is being excreted in the urine and feces unchanged. Popular 
routes of administrations=are, smoking, orally, and -injection, 
(subcutaneously and interperitoneally). 

9. More fnformation is needed on the chemistry, 
pharmacology and biochemistry of the cannabinoids and their 


metabolism. 


10. More work at the cellular level of investigation 


: oe : 
AyIiEw a 
“Ena Say ayaa yer 
afdetiava oat of Abhow 5 : 
~- eaetea of-sediee i 
«Jace 22 fete Actee Binoy hep Gey or? ie 
reste heleyve: sasie Fi Vb «at “gpagtelana bo 


(Bh os «2 \VEReE@ Ren | aa 


— ; 


ma. 


vi 
ia jue tnt of Sebese OT eeu. mia ‘enot a ‘ae 


7 


- ? 


e476 w vool twa tddlealsaa bea Degigatedayrg (fim 
elvedto? bas oa sunvevtanee ; 

‘agp ef tlegte, FAT<“"O \eVeq _ oaT et 7 

les int ts tgcad bhuedes aon “a peas oro ot bat} 


| (ee) ances9@ (ea 
Enelberqa' i:uy ule So apace ett Oe ae 
toon bee drichew 4 jo .9? Seq Jee berdeagm ed 
-iouleve Agee Se8 
4 i194 ex4tens xed bisinnlateyty SENSO Se : 
~beteciseevel of blawhe {sy «Htgwerend i 
io anttes7atainés Jo shadram geatagt) Wee : 
er" AL. 17o en287) bie SHIReees od bivewe © 
ij na icte® anled «! dou dad eee oF hes saga 
ew epsel one eeiSu edo at Basavone valed at 
. fase opatsone 5% setawtsa ue sein a 
~detleanos Tieqyera) ane of 1a ; 
ots otf Se belisein et setserotal esede wig ‘ 
‘5 boe ehiontdedase edd) ta yt12lasdeahé 


| : - : - i 


roliagleeteel Jo tevel setehs> at ¢esew vere ae 


a en 


86 


is needed. 


11}. More human studies should be performed. 

i Interpersonal relations are more important than 
the setting. Therefore, groups” should’ smoke together rather 
than ocala x ate AW in a neutral laboratory setting. 

13. More grants should be made available so more 


sophisticated investigations can be conducted. 
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